A Method for Selecting Affordable System Concepts: A Case Application to Naval Ship Design  by Schaffner, Michael A. et al.
 Procedia Computer Science  28 ( 2014 )  304 – 313 
1877-0509 © 2014 The Authors. Published by Elsevier B.V. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of the University of Southern California.
doi: 10.1016/j.procs.2014.03.038 
ScienceDirect











Systems Engineering Advancement Research Initiative (SEAri), Massachusetts Institute of Technology, Building E38-574, Cambridge, MA 02139 
$EVWUDFW












7KH LQFUHDVHGIRFXVRQDIIRUGDEOHGHIHQVHV\VWHPVRYHU WKHSDVW VHYHUDO\HDUV LVD UHVXOWRI86'HSDUWPHQWRI
'HIHQVH 'R' PDQGDWHV ZLWK UHJDUG WR EXGJHW FRQVLGHUDWLRQV 7KLV SDSHU XVHV D UHVRXUFHFHQWULF DSSURDFK WR
DIIRUGDELOLW\ DQG LQWURGXFHV D FRPSRVLWH PHWKRG ZKLFK LV DSSOLHG WR WKH HDUO\OLIHF\FOH FRQFHSWXDO GHVLJQ RI D
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WR D SURJUDP LV LQFUHDVLQJO\ EHFRPLQJ WKH SULPDU\ GULYHU RI GHFLVLRQV UHJDUGLQJ IXWXUH DFTXLVLWLRQV %HFDXVH RI
UHODWLYHO\ IODW SURMHFWHG GHIHQVH EXGJHWV LQ IXWXUH \HDUV WKH 'R' LV VHHNLQJ PHWKRGV RI GHOLYHULQJ GHIHQVH
FDSDELOLWLHVIRUOHVVUHVRXUFHH[SHQGLWXUHWKDQWUDGLWLRQDOO\UHTXLUHG2QHVXFKPHWKRGIRUUHGXFWLRQLQ'R'H[SHQVHV
ZDVUHYHDOHGLQWKH&DUWHU0HPRUDQGXPVRIZKLFKPDQGDWHGWKDWDIIRUGDELOLW\EHLQVWLWXWHGDVDUHTXLUHPHQW
IRU IXWXUH DFTXLVLWLRQV :LWK UHJDUG WR KHOSLQJ GHILQH DIIRUGDEOH GHFLVLRQV 7XWWOH DQG %RELQLV GHVFULEH WKH
$IIRUGDELOLW\7ULDQJOHVKRZQLQ)LJZLWKUHTXLUHGFDSDELOLWLHVLHGHWHUPLQHGE\VWDNHKROGHUQHHGVIRUPLQJWKH
EDVHRIWKHWULDQJOHDQGWKHDIIRUGDELOLW\GHFLVLRQFULWHULDFRPSULVLQJFRVWVFKHGXOHDQGSHUIRUPDQFH,WLVFOHDUWKDW
H[DPLQLQJ HDFK RI WKHVH ODWWHU PXOWLFULWHULD FRQVLGHUDWLRQV LQ PXOWL\HDU ELOOLRQGROODU ZHDSRQV V\VWHPV DQG






LV WRGHVLJQDIIRUGDEOHV\VWHPV WKDWPHHW WKHQHHGVRIZDUILJKWHUV±and remain affordable± UHJDUGOHVVRI IXWXUH
FLUFXPVWDQFHV 7R DFKLHYH VXFK D JRDO HIIRUWV WRZDUG DIIRUGDELOLW\ PXVW EHJLQ LQ WKH HDUOLHVW SKDVHV RI V\VWHP
SODQQLQJ ZKHQ UHVRXUFH FRPPLWPHQWV DQG VROXWLRQFRQVWUDLQLQJ GHFLVLRQV DUH QRW \HW SUHVHQW 3HUIRUPLQJ VXFK
DQDO\VLV DW WKLV VWDJH DOORZV GHVLJQ HQJLQHHUV WR ³VHH HYDOXDWH DFFHSW DQG UHMHFW D ODUJH QXPEHU RI FRXUVHV RI
DFWLRQ«ZLWKRXWDFWXDOO\FRPPLWWLQJUHVRXUFHV´SRWHQWLDOO\HOHYDWLQJV\VWHPVSHFLILFNQRZOHGJHWREHWWHULQIRUP
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'HYHORSPHQWRID&RPSRVLWH0HWKRGIRU$IIRUGDELOLW\
7KHDQDO\VLVRI V\VWHPDIIRUGDELOLW\FRYHUVPDQ\DVSHFWV LQFOXGLQJ WKHV\VWHPGHYHORSPHQW VFKHGXOHYDULRXV




FHQWULF FRQFHUQV RI VWDNHKROGHUV 7KH ILUVW PHDVXUH LQWURGXFHG LV WKH 0XOWL$WWULEXWH ([SHQVH 0$( IXQFWLRQ
LQWHQGHGWRDJJUHJDWHVWDNHKROGHUSUHIHUHQFHVRQLQGLYLGXDOUHVRXUFHFRQVXPSWLRQ7KHVHFRQGPHDVXUHLQWURGXFHGLV
WKH0D[([SHQVHPHWULFZKLFKJLYHVWKHPD[LPXPUHVRXUFHH[SHQGLWXUHIRUDQ\UHVRXUFHDFURVVWKHYDULRXVIXWXUHV










2.1. 2.1 Overview of the Composite Method for Affordability 
7KHRYHUDOOVWUXFWXUHRIWKHFRPSRVLWH56&EDVHGPHWKRGFRQVLVWVRIQLQHSURFHVVHVZKLFKDUHJURXSHGLQWRWKUHH
GLVWLQFW SDUWV LQIRUPDWLRQJDWKHULQJ 3URFHVVHV  WKURXJK DOWHUQDWLYHV HYDOXDWLRQ 3URFHVV  DQG DOWHUQDWLYHV
DQDO\VLV3URFHVVHVWKURXJK$JUDSKLFDOUHSUHVHQWDWLRQRIWKHPHWKRGLVVKRZQEHORZLQ)LJ
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'HPRQVWUDWLRQ&DVH1*&6




GHVLJQYDULDEOHVDWWULEXWHVDQGHSRFKV IURP6FKRILHOG¶V23&VWXG\ZLWK WKHHYDOXDWHGRXWSXWVRI WKH0,70DWK









3.1. Process 1: Value-Driving Context Definition 
7KH ILUVW SURFHVV RI WKH PHWKRG LQYROYHV GHYHORSPHQW RI WKH EDVLF SUREOHP VWDWHPHQW 7KH VWDNHKROGHUV DUH







3.2. Process 2: Value-Driven Design Formulation 
7KHVHFRQGSURFHVVEHJLQVE\GHILQLQJWKHQHHGVVWDWHPHQWVIRUDOOVWDNHKROGHUVZKLFKEHFRPHWKHDWWULEXWHVRI
V\VWHPSHUIRUPDQFH DORQJZLWK XWLOLW\ IXQFWLRQV GHVFULELQJ HDFK VWDNHKROGHU¶V SUHIHUHQFH IRU HDFK DWWULEXWH7KH
VWDNHKROGHUUHVRXUFHVVWDWHPHQWVDUHDOVRHOLFLWHG ZLWKFRUUHVSRQGLQJH[SHQVHIXQFWLRQVZKLFK WKHQEHFRPH WKH
DWWULEXWHV RI WKH V\VWHP¶V H[SHQVH IXQFWLRQ 0XOWLDWWULEXWH DJJUHJDWLRQ IXQFWLRQV DUH FKRVHQ IRU ERWK XWLOLW\ DQG
H[SHQVH 3RWHQWLDO V\VWHP VROXWLRQ FRQFHSWV DUH SURSRVHG IURP SDVW FRQFHSWV RU H[SHUW RSLQLRQV DQG DUH WKHQ
GHFRPSRVHGLQWRGHVLJQYDULDEOHVRIWKHV\VWHP
Representational Outcome7KHDWWULEXWHVRIWKHV\VWHPERWKXWLOLW\DQGH[SHQVHDUHVKRZQLQ)LJZLWKXQLWV
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
)LJ'HFRPSRVLWLRQRIPLVVLRQVWDWHPHQWLQWRUHSUHVHQWDWLRQDODWWULEXWHVRIWKH1*&6V\VWHP
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0D[([SHQVH 0D[/LIHF\FOH&RVWPLO      
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3.8. Process 8: Single-Era Analyses 
7KLVSURFHVVH[DPLQHVWKHWLPHGHSHQGHQWHIIHFWVRIDQXQIROGLQJVHTXHQFHRIIXWXUHHSRFKVFUHDWHGLQ3URFHVV
%\H[DPLQLQJDSDUWLFXODUVHULHVRIHSRFKVIRUDJLYHQOHQJWKRIWLPHGHFLVLRQPDNHUVFDQLGHQWLI\SRWHQWLDOVWUHQJWKV
















0HWULF7\SH 0HWULF 'HVLJQ 'HVLJQ 'HVLJQ 'HVLJQ 'HVLJQ 'HVLJQ
0D[([SHQVH 0D[2SV&RVWPLO\U      
0D[([SHQVH 0D[2SV&RVW139PLO\U      
([SHQVH6WDELOLW\ 6W'HYPLO      
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LGHQWLI\WKHGHVLJQYDULDEOHVDQGDWWULEXWHV WKDWSRWHQWLDOO\HQDEOHDIIRUGDELOLW\ LQ WKHVHGHVLJQV)RUH[DPSOH WZR
FRPPRQ GHVLJQ YDULDEOHV DUH OHQJWK ± IHHW DQG OHYHOV RI $QWL6XUIDFH$QWL$LUFUDIW FDSDELOLWLHV ERWK
PHGLXP OHYHO 7KHVH FRPPRQ WUDLWV FDQ EH VWXGLHG WR SURYLGH WKH JHQHUDO LQWHUDFWLRQ EHWZHHQ WKHVH SDUWLFXODU







DQDO\VLV RI V\VWHP DIIRUGDELOLW\ IRU GHVLJQ VHOHFWLRQ DQG UHVXOWLQJ GHVLJQ GHFLVLRQV %\ LQFRUSRUDWLQJ WKH 0$(
IXQFWLRQ WKH VWDNHKROGHU SUHIHUHQFHV RQ YDULRXV UHVRXUFHV DUH UHSUHVHQWHG LQ WKH FDVH RI1*&6 WKHVH LQFOXGHG
GHYHORSPHQWVFKHGXOH,2&ZLWKPRQHWDU\HJDFTXLVLWLRQDQGOLIHF\FOHDQGQRQPRQHWDU\HJODERUH[SHQVHV
%\H[DPLQLQJWKH0D[LPXP([SHQVHLQFXUUHGE\HDFKGHVLJQRYHUPDQ\SRVVLEOHIXWXUHVLQGLYLGXDOGHVLJQVFDQEH
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WKHLU KLJKHU H[SHQVHV WR EHWWHU XQGHUVWDQG GHVLJQ GHFLVLRQV WKDW PD\ UHVXOW LQ DQ XQDIIRUGDEOH GHVLJQ 7KLV
FRPSUHKHQVLYHDSSURDFKSURYLGHVVWDNHKROGHUVZLWKDGHHSHUSHUVSHFWLYHRQWKHDIIRUGDELOLW\RIV\VWHPVZKLOHVWLOOLQ
WKHFRQFHSWXDOGHVLJQSKDVH±before major commitment of resources has occurred6WDNHKROGHUVDUHWKXVHQDEOHGWR
EHWWHUXQGHUVWDQGWKHV\VWHPEHKDYLRXUDFURVVHQYLURQPHQWVDVZHOODVWKHWUDGHVDWSOD\EHWZHHQGHVLJQYDULDEOHVDQG
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